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fter more than a century of using fat grafts for soft tissue augmentation in a diverse range of reconstructive and aesthetic procedures since the first attempts by Neuber in 1893, 1 there are still plastic surgeons and other medical professionals who remain skeptical about fat transplantation. The lack of objective measurements of fat graft viability may be one of the reasons. The literature provides a variety of reports with varying degrees of success or failure. Recent publications show a resorption rate of 20% to 90%, 2-7 but these statistics are not based on objective measurement.
The mechanisms responsible for resorption are not completely clear. The most accepted theory is the "cells survival theory" postulated by Peer 8 in 1955, which states that the number of viable adipocytes at the time of transplantation correlates with the ultimate fat graft survival volume. Smahel 9 demonstrates that implanted fat does not remain intact because fat resorbs in a 2-stage fashion. In the first stage, there is an acute reduction in cell numbers. The second stage of volume loss occurs with resorption of the oil cyst from nonviable adipocytes. A multitude of variables can affect graft integration, such as the harvesting technique (conventional lipoplasty vs. low pressure harvesting with syringe); tisBackground: Autologous fat transplantation for soft tissue augmentation is a commonly used technique without a universally accepted approach. The literature includes a variety of reports describing varying degrees of success or failure. Objective: To evaluate the behavior of facial fat grafts in humans with the use of an objective measuring tool. Methods: A prospective randomized study, comparing patients pre-and postoperatively, was designed to evaluate the long-term viability of fat grafting. Participants were 18 men and 8 women between 34 and 59 years of age (mean, 45.07 yrs; standard deviation, 6.54 yrs). A total of 52 hemifaces in 26 patients diagnosed with HIV and demonstrating facial lipoatrophy were treated with fat transplantation using Coleman's technique. HIV-positive patients were chosen as study participants because their nearly total lack of subcutaneous fat diminishes the bias in the evaluation of fat volume. Fat graft viability was evaluated by measuring the volume of adipose tissue evolution via computed tomography scan before fat grafting, at the second month after fat grafting, and 1 year after fat grafting. Descriptive statistical analysis was performed. Results: The mean volume on the right and left cheeks before fat grafting was 1.57 cc. The mean volume 2 months after the procedure was 2.93 cc with a statistically significant mean increase of 1.36 cc (P < .001) between baseline and the second month after the procedure. The mean volume after 12 months was 3.29 cc (P < .001), with a mean increase compared with the baseline of 1.72 cc, and of 0.36 cc between months 2 and 12. The statistically significant posttreatment improvement (P < .001) was maintained until month 12 of the follow-up period. Conclusions: Using objective measurement, this study demonstrates that with one fat grafting procedure a durable result can be achieved, persisting for a minimum of 12 months without any trend towards reabsorption. (Aesthetic Surg J 2008; 28:380-386.) sue processing (decantation, centrifugation, or tissue washing to eliminate the blood and other impurities); injection technique; type of cannula; harvesting area; and the anatomic features of the patients.
There are numerous publications reporting on histologic measures of fat graft viability in animals, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] but there are few such reports in humans 2,25-35 because of the invasive evaluation methods. Therefore, a very limited number of patients have been evaluated, and it has not been possible to perform a statistical analysis of the results. The results of studies using noninvasive methods are merely descriptive. It is difficult to quantify the longterm volumetric effects of fat grafts given baseline soft tissue atrophy, descent, and bony changes over time. [36] [37] [38] [39] [40] To support our positive clinical experience using facial fat grafts, 41 we designed this study to evaluate the behavior of fat grafts using an objective method of measurement and an adequate human model.
MATERIALS AND METHODS
A prospective study was designed to evaluate the longterm viability of fat grafting in the cheeks, including 52 hemifaces of 26 patients with HIV who demonstrated facial lipoatrophy secondary to antiretroviral therapy. The study was approved by the Ethics Committee of the Hospital Clinic of the University of Barcelona. Participants included 18 men and 8 women between 34 and 59 years of age (mean, 45.07 yrs, standard deviation [SD], 6.54 yrs). The nearly complete absence of subcutaneous facial fat in these patients with lipoatrophy minimized bias in evaluating fat thickness. Moreover, a spontaneous improvement in lipoatrophy is simply not expected.
General anesthesia or deep intravenous sedation plus local anesthesia were used. The harvesting areas were first injected using the superwet technique for hemostatic fat aspiration. Wetting solution infiltration in patients under general anesthesia consisted of normal saline solution with epinephrine 1:1,000,000. In patients under deep sedation, 60 mL of 2% lidocaine and 10 mEq sodium bicarbonate were added to this epinephrine solution. Fat was harvested from the cervicodorsal region in 11 subjects, the abdomen in 11, the masculine breast area in 3, and the pubic area in 1, using a 10-cc Luer Lok syringe and a blunt tipped cannula COL-ASP15 (Byron Medical Inc., Tucson, AZ). Once the fat was harvested, it was purified by means of centrifugation at 3000 rpm for 3 minutes and the top and bottom layers-containing blood, serum, and fatty acids-were discarded. The fat was implanted according to the Coleman technique [42] [43] [44] with the use of a 1-mL Luer Lok syringe with a blunt tipped cannula COL-19 (Byron Medical).
The cannula was used to create subcutaneous and subdermal tunnels into which the fat cells were deposited when the cannula was withdrawn. By injecting the fat during the withdrawal phase, less pressure is required, and therefore less potential damage is inflicted upon the adipocytes. The tunnels were executed in a fanlike distribution at various planes over the atrophic area of the cheeks, with the cannula entering from the lateral aspect of the malar bone and from the lower aspect of the nasolabial fold. At the beginning of the procedure, it was not known how much fat would be injected. Similar to other filling procedures, such as in the lips, cheeks, or nasolabial folds, injection was completed when a satisfactory correction was achieved. At the end of the procedure, the volume of fat injected and other technical data of interest were recorded.
In order to determine fat graft viability, computed tomography (CT) scans were used to volumetrically measure fat tissue as it evolved in the treated area (over time). CT scans can distinguish fat density from all other tissues, and was chosen over magnetic resonance imaging (MRI) because CT measurements are more exact than those of MRI. Fat tissue was measured before fat grafting and again at 2 months, and 1 year postprocedure. The radiologist delimited the same area in 3 slices of CT (from the first slice in which the nasal spine was identified to the next 2 inferior slices), using specific software (VOLUME in a Leonardo VD30B workstation) provided by the manufacturer of the CT device (Siemens AG, Berlin, Germany; Figure 1 ). This is a straightforward procedure that requires minimal intervention; the observer simply specifies permanent anatomic points via computer, which minimizes subjectivity.
The volume of fat studied by CT in these 3 slices was between the skin (superficially) and the surface of the bone and deep facial muscles, and between the nasolabial fold medially and the anterior edge of the masseter muscle laterally (Figures 2 and 3) .
Photographs of the patients were taken when the CT evaluations were performed. They were then evaluated using a validated severity scale (developed by the authors) that classifies patients according to 4 grades of facial atrophy (Figures 4 to 6) . 41, [45] [46] Grade 0 is normal with convexity in the malar area; grade 1 is mild atrophy with a flattening of the malar area; grade 2 is moderate with a sinking of the skin under the inferior rim of the cheekbone; and grade 3 is severe with a skeletonization of the cheeks with easily noticeable superficial muscles of the face and the bony structures ( Figure 7) .
Descriptive statistics were gathered for all variables. A nonparametric Wilcoxon rank sum test for paired data was also done to test for the significance of the observed changes.
RESULTS
A total of 52 hemifaces in 26 patients were studied. According to our validated severity scale, 5 patients were included in grade 1 of facial atrophy, 15 patients in grade 2, and 6 patients in grade 3. The mean volume of fat grafted in the cheek area, depending on the grade of atrophy, was 6.53 cc in grade 1, 9.45 cc in grade 2, and 11.46 cc in grade 3.
Before fat grafting, the mean volume of fatty tissue in each side of the face in the area of CT scan assessment No significant differences were observed in volume increase when the different fat donor areas were compared (cervicodorsal, abdomen, and masculine breast). Complications included asymmetry in 3 patients, undercorrection in 2 patients, and skin irregularities in 1 patient. These complications were corrected with a new fat grafting procedure performed 1 year after the initial procedure in case of undercorrection and lipoplasty in case of overcorrection.
DISCUSSION
Autologous fat has many of the ideal properties for tissue augmentation: it is readily available, easily obtained, inexpensive, host-compatible, and can be harvested repeatedly. Nevertheless, the literature fails to provide definitive objective evidence of fat survival, instead providing varied reports with different degrees of success or failure, which is why autologous fat is actually not considered the ideal soft tissue filler. Many authors remain skeptical about fat transplantation even though the plastic surgeons most experienced with fat-filling procedures have reported clinical results suggesting both short-and long-term persistence of transferred grafts and promote autologous fat as the ideal soft tissue filler. 41, 44, [47] [48] [49] The difficulty of quantifying long-term volumetric effects of the fat transfer may be the reason for the controversy.
Hörl et al 50 used MRI to study the long-term retention volume of fat and concluded that imaging together with basic clinical observation provides an objective evaluation of fat volume with an average error of only 5%; however, the volumetric measures are less exact than those made using CT scan, so this technique presents a distorting phenomena. Har-Shai et al 51 suggest the use of CT to quantify the volume of fat. This technique can distinguish the density of fat from other tissues. Using a computerized program, the 3-dimensional volume of fat was determined both before and after the autologous fat graft. Thus far, this evaluation method has been employed in only 1 case in his work, with a relatively short follow-up (6 months). To our knowledge, prospective comparative quantification of fat graft viability with long-term follow-up using CT scan has not been previously performed.
We chose patients with HIV-associated facial lipodystrophy syndrome because the near complete absence of subcutaneous facial fat in these patients with lipoatrophy minimizes bias in evaluation of fat thickness induced by the preexisting fat in the treated area, and because a significant spontaneous improvement in lipoatrophy in this population has never been observed in spite of attempts to change antiretroviral therapy or include other drugs, such as growth hormone, uridine supplements, and oral hypoglycemiants in the therapeutic approach. 52, 53 These patients represent an excellent model for the observation of fat graft behavior in humans.
Recent publications report a resorption rate of 20% to 90%. [2] [3] [4] [5] [6] [7] Based on this resorption rate, some authors advocate overcorrection to avoid additional grafting. 16, 33 In contrast, the analysis of results in the present study is that with the fat grafting procedure there was a statistically significant increase of fatty tissue volume and this increase was maintained until month 12 with a tendency to increase between the second and twelfth month postprocedure.
We were not able to specify the ratio of retained volume; we only know the total volume of fat grafted in each side of the face, because it is not possible to know, specifically, the volume of fat injected in the area of CT scan measurement. It is possible to calculate the percentage of grafted fat viability if we increase the area of fat volume measurement by the CT to the entire treated area, but this measurement can be incorrect because as a wider surface is explored, the more likely the probability of including fat from ungrafted areas, creating a bias to a lower viability of the grafted fat. For this reason, we decided to evaluate only the area of maximal atrophy in the face.
The additional increase in fat volume observed between months 2 and 12 may support Markman, 54 who suggested that the number of fat cells may increase via the differentiation of existing preadipocytes when fat cells reach a "critical size." The growth observed in the volume of fat between the second and twelfth months can be caused by recovery in fat cell volume, as Peer 8 postulated, or can be an unknown phenomenon in patients with altered lipid physiology. We believe that complementary measures after another 1 or 2 years may be necessary to let us know if this growth will persist or is limited to the time of observation. In accordance with these results, we avoid overcorrection because of the risk of facial lipohypertrophy ("hamster syndrome"), 55, 56 which is a very difficult complication to treat. If undercorrection occurs, we prefer to offer another complimentary fat grafting procedure under local anesthesia.
Most authors who have studied the effect of fat grafting in the facial appearance of patients who test positive for HIV, using objective measures or controlled observations, have observed a durable improvement in the correction compared with those who have performed subjective and sporadic observations, which leads us to believe that the perception of reabsorption is a methodological problem. 57-70 
CONCLUSIONS
This study demonstrates with objective measures that a durable result can be achieved with only 1 fat grafting procedure, which persists until at least the twelfth month of follow-up. As no evidence of fat reabsorption was observed, we can confirm that fat grafting in the face is a long-lasting procedure. The increase in volume is in fatty tissue and not secondary to fibrosis or fat necrosis. Most importantly, the grafted fat does not show any tendency for reabsorption. Lipoatrophy in HIV-positive patients provides a more accurate determination of the variations in subcutaneous fat volume, so these patients represent an excellent model for the observation of fat graft behavior in humans.
CT scan was used as an objective and quantitative method for measuring the rate of autologous fat graft. Comparison of the fat volumes pre-and post-fat grafting, when the volume of the injected fat is known, yields a standardized measure of graft take. Because this is a standardized evaluation technique, it can provide an objective method for comparing the efficacy of various procedures used in autologous fat grafts. ◗
